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PROCESSING ELECTROMAGNETIC SIGNALS 

This invention relates to an electromagnetic signal processing system 
and more specifically, but not exclusively, to a system, of processing an optical 
signal. 

WO02/29436 teaches that a. laser-radar receiver should comprise an 
array of optical fibres which are connected to' at least one radiation detector, 
•each optical fibre having differing physical characteristics which result in known 
delays in the transmission time of pulsed electromagnetic radiation. Such 
delays are conveniently achieved by using optical fibres of differing lengths so 
that they operate as delay lines. Arrays of 3 x 3 optical fibres are taught, with 
each optical fibre connected to a single avalanche photo-diode (APD). 

According to the present invention an electromagnetic signal processing 
system comprises a plurality of optical fibre arrays, each optical fibre array 
having a cluster of optical fibres with their one ends oriented to receive 
electromagnetic radiation and arranged to transmit electromagnetic radiation to 
an array output, and the array outputs are connected to transmit 
electromagnetic radiation in sequence to a signal detector input. In this 
manner the outputs from a plurality of optical fibre arrays can be fed into a 
single signal detector. In each optical fibre array the cluster of optical fibres 
serve as time delays, the time delay being proportional to the individual fibre 
length. 

Preferably, the sequential connection of the array outputs is through at 
least one optical delay. ' In this manner the signal detector is enabled to 
discriminate between the array.outputs whilst allowing trade-offs in the length of 
the optical fibre and consequently a reduction in the mass, volume and cost. 

The optical fibre arrays may be arranged as a plurality of array groups, 
each array group having a respective array group output, and the array group 
outputs are connected in series by respective optical delays to the signal 
detector input. In this manner the signal detector is enabled to discriminate 
between the array group outputs. Alternatively, the optical fibre arrays may be 
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arranged as a plurality of array groups, each array group having a respective 
array group output, and an array group output of one array group is connected 
to an input to another array group. In this case the connection of the array 
group output from one array group to the input of the other array group may be 
5 through an optical delay. In this, manner the signal detector is enabled to 
discriminate between the array group outputs.- 

The optical fibre arrays may be arranged as a plurality of array groups, 
each array group having a respective array group output, and an optical switch 
is arranged operatively between the array group outputs and the signal detector 
input. In this manner radiation from one or more of the array group outputs 
may be connected, or disconnected, to the signal detector input. 

A source of electromagnetic radiation may be arranged to radiate 
discrete pulses of radiation through the array outputs towards the one end of 
the optical fibres. In this manner the system is able to radiate electromagnetic 
radiation through the one end of the optical fibres as well as receiving 
electromagnetic radiation for the signal detector. 

At least two of the array group outputs may include respective source of 
electromagnetic radiation arranged to radiate discrete pulses of radiation 
through the array group outputs towards the one end of the optical fibres, and 
each source of electromagnetic radiation is arranged so that it may produce its 
discrete pulses of . radiation with different characteristics. The different, 
characteristics could, for. example, be direction, timing, wavelength, or 
modulation format. 

, At least one of the optical delays is preferably provided by a length of 
optical fibre. Indeed all of the optical delays may be in the form of lengths of 
optical fibre. However, any convenient form of optical delay may be used 
subject, of course, to the operational parameters of the electromagnetic signal 
processing system. For instance, optical delay devices may be provided 
using the technology reported in 'Catch the wave', published on 5 June 1999 in 
New Scientist Vol. 162, issue 2189, page 28 or in ' Variable semiconductor all- 
optical buffer 1 by P C Ku, C J Chang-Hasnain and S L Chuang published on 21 
i !■ <Y'5T;ter 20C2 b Electronics. Letters Vol. 38. i i-- ?± r,-~,±z / . ■> 
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The invention will now be described, by way of example only, with 
' reference to the accompanying drawings, in which:- 

Figure 1 is a diagram of a state of the art electromagnetic signal 
processing system. 

5 Figure 2 is a diagram illustrating a two stage electromagnetic signal 

processing system taught by the present invention. 

Figure 3 is a diagram illustrating a modification to the system of Figure 2. 
Figure 4 is a diagram illustrating a three stage electromagnetic signal 
processing system taught by the present invention. 
10 Figure 5 shows a modification to the system of Figure 4 to enable the 

system to radiate electromagnetic radiation. • 

' Figure 6 illustrates a modification of the system shown in Figure 5. 
Figure 7 is a diagram illustrating a modification of the system shown in 
Figure 4. 

15 Figure 8 is a diagram of an electromagnetic signal processing system 

having three stages taught by the present invention, and 

Figure 9, is a diagram illustrating another three stage electromagnetic 
signal processing system taught by the present invention. 

In Figure 1 an electronic signal processing system 10 comprises six 

20 individual optical fibre arrays 11, 12, 13, 14, 15 and 16 having respective array 
outputs 21, 22, 23, 24, 25, and 26 connected to respective signal detectors 31, 
32, 33, 34, 35 and 36. 

Each optical fibre array 11, 12, 13,14, 15 and 16 comprises a cluster of 
nine optical fibres. One end of each fibre is depicted by the small circles 40, 

25 each set of nine fibres being positively located in predetermined relative 
positions in respective array boards 41, 42, 43, 44, 45 and 46 which, in use, 
would each be mounted to face a direction from which an electromagnetic 
signal may be received. Although the array boards 41 , 42, 43, 44, 45 and 46 
are all shown' as being rectangular with the nine optical fibres 40 arranged 

30 equally-spaced in a 3 x 3 matrix, each array board 41, 42, 43, 44, 45 and 46 
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may be of any convenient shape and its cluster of optical fibres may be any 
required number arranged in any suitable manner to receive electromagnetic 
radiation. The array boards may face either in the same direction or may be 
oriented to receive electromagnetic radiation from different directions, instead 
5 of being mounted in the array boards, the optical fibres may be mounted directly 
• through any convenient support structure. 

Each cluster of optical fibres 40 is operatively connected to the 
respective array output 21, 22, 23, 24, 25 and 26 for instance in one of the 
sequential arrangements taught by WO 02/29436. Any electromagnetic 
10 radiation received through the one end of any of the optical fibres 40 will 
therefore be transmitted to the respective signal detector 31, 32, 33, 34, 35 and 
36 for identification and/or processing. 

In the drawings, the optical fibre arrays 11, 12, 13, 14, 15 and 16 are 
depicted in a simplified manner with the three optical fibres 40 for only the right- 

15 hand column being drawn. It should be understood that all nine optical fibres 
40 of each optical fibre array are sequentially connected to the respective array 
output so that there is an inbuilt time delay between the transmission by each 
optical fibre 40. In this manner the respective signal detector 31 , 32, 33, 34, 35 
or 36 is able to identify the optical fibre from which an electromagnetic signal is 

20 received. 

The state of the art, as described with reference to Figure 1, teaches the 
use of multiple optical fibre arrays 11, 12, 13, 14, 15 and 16 which receive 
electromagnetic signals and transmit them, through optical fibres and the 
respective array output 21, 22, 23, 24, 25 or 26, to the respective signal 
25 detector 31, 32, 33, 34. 35 or 36. This form of electromagnetic signal 
processing system requires the provision of a significant number of signal 
detectors (six signal detectors in Figure 1) and incurs a cost and weight penalty 
together with the need to assess and co-ordinate the information gleaned from 
.the electromagnetic signals by the multiple detectors. 

30 With reference to Figure 2, the optical fibre arrays are of the same 

construction as described in Figure 1, but the optical fibre arrays 11, 12 and 13 

ere arrangec!..:?:s._.£:!i srr?v r : rnn;? * r.-ich Xhiw :irz?; ouTDUi-: 11. *Ll_£ : -d 23. 
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sequentially connected by optical delays 50 and 51 to a joint output 52 for 
transmitting electromagnetic signals to an input 53 of a single signal detector 
'54. 

In this manner, the transmission to the signal detector 54 of an 
5 electromagnetic signal received by the optical fibre delay 1 1 , will be delayed by 
both optical delay 50 and optical delay 51, whereas any electromagnetic signal 
received by the optical fibre array 12 will be delayed by the optical delay 51. 
Consequently, the detector 54 will receive a sequential cascade of signals, a 
first set being received by the optical fibre array 13, the second set being 
10 received by the optical fibre, array 12 but delayed by the optical delay 51, and 
the third set being received by the optical fibre array 1 1 and being delayed by 
the optical delays 50 and 51. By cascading the receipt of electromagnetic 
signals in this manner, the signal detector 54 : is able to discriminate between 
electromagnetic signals received by the three optical fibre arrays 11, 12 and 13. 

15 From Figure 2 it will be noted that the optical fibre arrays 14, 15 and 16 

are arranged as a second array Group B with their array outputs 24, 25 and 26 
sequentially connected by optical delays 55 and 56 to a joint output 57 for 
transmitting electromagnetic signals to an input 58 of a signal detector 59. 

Array Group B is therefore a duplicate of array Group A and operates in 
20 exactly the same manner. The optical delays 50, 51, 55 and 56 enable only 
two signal detectors 54 and 59 to process all of the electromagnetic signals 
received from the six optical fibre arrays 11, 12, 13, 14, 15 and 16. The 
dashed vertical lines indicate that the system is formed in two stages, the first 
stage being the six optical fibre arrays comprising the state of the art as shown 
25 in Figure 1, the second stage being the four delay lines 50, 51, 55 and 56. 
The provision of the second stage reduces the number of signal detectors 
required. The number of optical fibre arrays forming a group (such as Group A 
or Group B) can be increased or decreased as desired within the capabilities of 
the associated signal detector 54, 59. 



30 
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Mhough Figure 2 shows the arrangement of delay lines 50, 51, 55 and 
56 in the second stage, further stages of delay lines may be used. Indeed a 
large number of stages, ten or more, could be used. 

The reference numerals used in describing Figure 2 will be used in 
5 Figures 3 - 9 to denote equivalent components having equivalent functions 
except as hereinafter described. 

Figure 3 illustrates the use of an optical switch 60 to select the 
connection of the joint outputs 52 and 57 to an input 61 of a single signal 
detector 62, the optical switch 60 being operative to connect the signal detector 
10 62 either to optical fibre 63 (as shown) to receive electromagnetic signals from 
Group A, or to optical fibre 64 to receive signals from Group B. 

Figure 4 illustrates the addition of a third stage comprising an optical 
delay 65 connecting array group outputs 66 and 67 sequentially to an input 68 
to a single detector 69. The optical delay 65 is chosen such that the signals 
15 from Group A will reach the signal detector 69 after the signals from Group B. 

Figure 5 is a modification of the system just described with reference to 
Figure 4, the modification comprising the incorporation of two electromagnetic 
radiation sources 71 and 72' so that source 71 can radiate electromagnetic 
radiation through the optical fibre arrays of Group A towards the one end of the 
20 ~ . optical fibres 40, and source 72 can radiate electromagnetic radiation through 
the optical fibre arrays of Group B towards the one end of the optical fibres 40. 
In this manner, the various time delays in Groups A and B will code the radiated 
. electromagnetic radiation. There is also the benefit that only the region that the 
detector is viewing will be illuminated. 

25 Figure 6 illustrates a modification of the system taught in Figure 5 so that 

only one electromagnetic radiation source 73 is required. It will be noted that 
the input 68 to the signal detector 69 additionally serves as an output from the 
source 73. 

Figure 7 diagrammatically illustrates how the optical delay 65 of Figure 4 
30 can be replaced by a much longer optical. delay 74 to increase the time delay 

between the signals transmitted by the array group outputs 65 and 67. The 
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increased time delay separates 'packages' of data, in time, from each optical 
fibre array by such a large amount that ambiguities in the information received 
by the signal detector 69 are prevented. 

■ • m Figure 8 a third stage optical delay 75 is positioned.*) intercqnnect the 
array group output 66 of Group A to an input 76 to the array-Group B so that the 
signal from array group output 66 Is 'delayed by the entire optical system of 
Group B. In this manner, the output signals from the six optical fibre arrays 1 1 , 
12 13 14, 15 and 16 are cascaded into the input 68 .to the signal detector 69, 
the optical delay 75 being used to enable the signal detector 69 to differentiate 
between the signals of Group A and B, The feeding of outputs from earlier 
groups back into the inputs of later groups is possible because all of the 
radiation from the earlier stage leaves at approximately the same time. 

Figure 9 shows that, instead of having optical delay lines that feed into 
each other, the stages could have individual delay lines of differing lengths to 
achieve the same objectives. Thus it will be seen that the array outputs 21 
and 22 of optical fibre arrays 11 and 12 are connected in parallel by respective 
optical delay lines 80 and 81 to the array group output 66. Similarly, the array 
outputs 24 and 25 of the optical fibre arrays 14 and 15 are connected in parallel 
to the array group output 67 of Group B by delay lines 82 and 83. This 
arrangement reduces the number of fibre couplers required but increases the 
length of optical fibre needed. 

Despite the parallel connection of the optical delay lines 80 and 81 to the 
array group output 66, the array outputs 21. 22 and 23 are connected to 
transmit electromagnetic radiation in sequence to the array group output 66, this 
sequencing being achieved by the different delays caused by.the optical delay 
lines 80 and 81. Similarly, the optical delay lines 82 and 83 ensure that the 
array outputs 24, 25 and 26 are connected to transmit electromagnetic radiation 
in sequence to the array group output 67. 

The Figure 9 system may be varied by replacing the optical delay lines 
81, 82 83 and 84 with optical processors which are. arranged to tag the 
electromagnetic signals before arrival at the array group outputs 66, 67. In this 
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manner the signal detector 69 is enabled to distinguish the signals from each of 
the fibre arrays 11, 12, 13, 14, 15 and 16. 
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CLAIMS 



An electromagnetic signal processing system comprising a plurality of 
optical fibre arrays, each optical fibre array having a cluster of optical 
fibres with their one ends oriented to receive electromagnetic radiation 
and arranged to transmit electromagnetic radiation to an array output, 
and the array outputs are connected to transmit electromagnetic radiation 
in sequence to a signal detector input. 

An electromagnetic signal processing system, at Claim 1, in which the 
sequential connection of the array outputs is through at least one optical 
delay. 

An electromagnetic signal processing system, according to Claim 1 or 2, 
in which the optical fibre arrays are arranged as a plurality of array 
groups, each array group has a respective array group output, and the 
array group outputs are connected in series by respective optical delays 
to the signal detector input. 

An electromagnetic signal processing system, according to Claim 1 or 2, 
in which the optical fibre arrays are arranged as a plurality of array 
groups, each array group has a respective array group output, and an 
array group output of one array group is connected to an input to another 
array group. 

An electromagnetic signal processing system, according to Claim 4, in 
which the connection of the array group output from one array group to 
the input of the other array group is through an optical delay. 
An electromagnetic signal processing system, according to Claim 1 or 2, 
in which the optical fibre arrays are arranged as a plurality of array 
groups, each array group has a respective array group output, and an 
optical switch is arranged operatively between the array group outputs 
and the signal detector input. • • 
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An electromagnetic signal' processing system, according to any 
preceding claim, including a source of electromagnetic radiation arranged 
to radiate discrete pulses of radiation through the array outputs towards 
the one end of the optical fibres. 

An electromagnetic signal processing system, according to Claim 3, in 
which at least two of the array group outputs include a respective source 
of electromagnetic radiation arranged to radiate discrete pulses of 
radiation through the array group outputs towards the one end of the 
optical fibres, and each source of electromagnetic radiation is arranged 
so that it may produce its discrete pulses of radiation with different 
characteristics. 

An electromagnetic signal processing system, according to any of Claims 
2 to 9,' in which at least one of the optical delays is provided by a length 
of optical fibre. 

An electromagnetic signal processing system substantially as described 
herein with reference to the accompanying drawings. 
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ABSTRACT 

t • 

An electromagnetic signal processing system (10) comprises a plurality of 
optical fibre arrays (1-1, 12, 13, 14, 15 and 16) each having a cluster of optical 
fibres with their one ends (40) oriented to receive electromagnetic radiation and 
to transmit this electromagnetic radiation to a respective array output (21, 22, 
23, 24, 25 and 26) which is connected to transmit electromagnetic radiation in 
sequence through optical delays (50, 51, 55, 56) to signal detector inputs (52, 
57). 
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